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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a piezoelectric 
element, capable of accurately achieving crystal 
orientation for obtaining good piezoelectric 
characteristic, a crystal form, and a crystal grain 
diameter. 

SOLUTION: This element is provided with a piezoelectric 
thin film 15, consisting of a polycrystalline substance and 
upper electrodes and lower electrodes 14 which are 
arranged pinching the thin film 15 between them, and a 
titanium film 14A which is used as nucleus for a 
piezoelectric crystal, is formed into island-shape on the 
crystal grain boundaries in the electrodes 14. Moreover, 
it is preferable that this element consist of a lead 
zirconate titanate (PZT) film, having crystal orientation 
of 100 and the lower electrodes consist of a platinum 
film having a crystal orientation of 1 1 1 . 
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~4 0 0-Ctc-r2»c«td5§6«:Jf$l/^. ^fi£B#Pa«. 
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{*. BWWF*m»fc«te«:tt. 10-12 0»lg[*!!!f 
£0<. 1 5-6 0#fIK£-r&C£*iJ:<Dji?gOI,>. 
&fc. *>h^U-h*m>fc»^«:tt. l~6 0#fi 
JS#»*0<. 5-3 0^liSiT^Ci*53 

CO051] c. 

0, C(DK«ISA«<DsfeREKbR^e>«c£K(c9Eft-r 

S. £ft*yji*H*«i»»©£H!MI:a»&>6 10 

fc < . $*;HMtt»S— ecliiWfc OfcBSj£r»T <* *hK 

[ 0 0 5 2 J *H*SOJgSgr». «ESSSSi Lt500 
~8 0 0'C©ffiIW$L<, 5 5 0-7 5 0*C©fnB 

T«ut5ci*5, j:»)»*oi». ftsmna. ssess 
--*tp*&m?2>m'£iz, o. l-s^ransa**?* 

0<. 0. 5~2B$P B 1*tg#J: ! 9Sf£ Ot>. RT 20 

A (Rapid Thermal Anneal inq)£>*fl3l>fcJi§^. 0. 1 

(.». 

[0 05 3 ] tfc, #3lt&©J15!!§r(;i:, C©7'UT-- 
CCB. 5fe-T. Ifi— |g|Sg£Or. 5 0 0-6 0 0-C©©ffl 

©«flt-cr--^*m>. ^-fgpgi or. 6 0 
0-800 •c©«h©*ktt - -**tf -5 c £ a<r » 

5. *fc. S6(CSfS0<(i. Iff— SPgiOr. 50 0 

— 5 5 0'C©SSHCDS£rr.=.-.rt/%fr»<\ %ZL 30 

SPiiOr. 6 0 0- 7 5 OtOfiiOiig-CT--^ 

[0 054] d. ^OilOXg 
*K. JSMft. mfi£OJfcXga. b £ 3 6 «: 3 HIS Oil 

o. $£Ay;H«R&4JiSM0fcfft. xiico^ur 

;H*iCC«fc «3 ^RKf tH*> £ ts. S 
[0 05 5 ] #C>r . &#©?• £ P Z T±&Cifc£© 
^(CfcorBttJCJBfiEO. gtj£©Xfia. bRtfc* 

$6tc4iHii^ | pji-r. 40 

[005 6] C©il»3igOXS©^f#P»nSS)l®© 
^£r<l««fct,>. CCTIi, -S§fcOO. 15ymr 

a* c aarrs^xa die) «:*$ 

c»tf7? o«r t»wrc* 4 c t tm $ o i> 

[005 7 ] c©|g»5ilox*irtt, 5fc«:jf5jj£Oft:B± 
icmtcK.&ji'gytowmi&fSLL, -e-©&©-7*uT-- 
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[005 8 ] ccr. «sW{c-Wk$nfcii£«. a 

®3B»«:«4«»WK:»e>hiPZTSll 5 ©*§££#! 
r. $f.tciga. btilQilH^ictt. 3 6(C»rfc 
It*. C©»rfc<t^?LSyjL«K«> BulBrtf/c^SS 

©s@js £ iw««:-fWb s n/cK t a z . 

[0 05 9] e. td^*^ h&MrAffiOXa 
&«C. milBXgdrf#/cJiK:. ^fi£SS6 0 0-1 2 0 
0'C\ S6(C»*0< «8 0 0— 1 0 0 0*C©IIt7 

0. l-5^BBafl[*i»*0<. 0. 5-2B5R8 
gflt#J:9»*Ol.». *fc. RTAjp*ffll>teti^{C 
«. 0. l-10»ISWiK. 0. 5-3^Sg 
*s«t«5»SOC». 

[0 06 0 ] ##iife©ff^r«. c©^^* 
wrHJS-r*©*sr#s. jwfcwtctt. m— RRTB. 

6 0 0-8 0 0'Cig©Sgr7--J^tfU. sen© 
ISgrtt. 8 0 0-1 0 0 0'C©iggT7--Jl/«T^, 
Sfc. £6ic$fg0<«. S£— ISPirtt. 600-7 5 

otgg©iagt7--ji-^Tt\ sumgpgrtt. 8 0 

0-9 5 0'CG>mi-CT=—)\'Zi : f'}C£ifi-CS2>. 

[o 0 6 l ] fcLhottfftcior. TSPmsi 4±k:. 
^*>4^ior^gofctt«©^ts B ^*e»^5. tt 

S* 5 0. lymTiMO. 5 wmtli)|)Jil . 2ym©P 

ZTjWfci&sns. ccr. ^*>*5pzT©^s<b«: 
ocir-^x-5>JSb*K:o(,iriftHj-r-&. c©59!im«. 
^^cior^T-ii^^fflurfii^^nrc^. 
[006 2]ii ccfcc^r. TSPms 1 4©^±«: 
«. &K©^*>3W^/N'i. *^cc«fcor^stiri> 
s. T8pss©iesiea» o . o i nmo . 3 m mr * 

■r-5>c£«77?-^*5Fcc^i»r*-s/cS>. ttt^^ 

ware** t\.*'jm&frhaimvh*>. 
[0 06 3 ] Tasme©^®^^©^* >s a ^*^ 

Oi^i-TSi. -7*-7^^©SEx*^+*-©{5C^7 

^^isjwnottiwc^ *>©s^s*s^3ns«i«] 

£&5. C©it, ^*>^£OrfiKS-r-5PZTife 

B ^«. ^©^f^^Kgots^Msns. 

[0064] 06«. «?«8JM(Cj:->rttBS4-lfcP 
Z T^Bl©^®a?rin-r«SSr* 0 . (DBPZ 

T^^B $*rS]tc»ofciar*o. (2) UPZTM 
ll©S ($1) *[6]«:7&ofciar*4. 07«Hfg©ST- 
Sia^¥Kr* o . P t n@©±&cttt*© p z T©^s 

*5f^ntt,>5„ 0 6©^*>*SII,l 5li. TSP^S 

ttA i 4©&# i 4 Atc^fissnrt**. 



u 

[0 06 5] 9 1 40f3Ji£&<!:b-CPZT£l£S;S-l±£ 

«£5«:-e-©i!£S&rt5j&£-r-5>. MS. Ptttl 1 1©12 
ft&&&X£Mi>®%T$>Z>&. a£©I5|S]©Ug!*<i: 
DSW*lvBStWtc**>©rafi*JBiiS , rS£. P 
ZT©*Sll£6£©te B B B ®:£{i©I^£§WSc<,> 1 0 0 
#fa©t±tfcl§StC^Sft^<&S„ S6JC. PZT 

(DH^nm^oT^mm^m^n.^ x *m ? nr 

[0 06 6] 08«Btt^5f>*^L//cTgf5HfeJt«: 
BE*(«»J«PZT«:fiE«L/fc»^©X«EI«rJIWf (XR 
D) ©* + -HST*9. H9tt«ttf*>t»RSUft 
(,>t§^©?- + - h0-C$>6„ 08 iS9 t*5t»«:Jt« 

ffltt (1 1 1) ffirSlO^i^cD. JEm<*SS5[4>9 OpC 
/N £«(,». fttt**>*JBfiStyfc»£tt. PZ 

t© (ioo) g2rs]#tits3gu *©*te«> (iii)i 

/N£ilS<&*. 20 
[0 067 ] 3f>(C. ^*>#gt*«:7l5fi£;**ift:PZT 
©±KflS©PZTJB*3JB«fcJ&RSU S6CC*$r>* 
U S6tcPZT*4Jifl*3BfiRlytefe©* 
*§S{fc3tf4£. **>*««cL-CPZTjW»i8©J:5 
toBfifbU ffeCPZT^RStSPZT OfeMS^ 

*s«Hta{c&*>ii'cisafb-r-s. pzt@<lpzth© 

IB <t ©P^ ©BtK * > 4> ^ * >±© P Z T ©*&H{ b* gt 
Wo^K-Hnms*. SK©^f PZ 
TO^tt^7?tOif^fWtl 1 1 MtC&faTZ 
tcibiz. gfi£©«fc 56100 W^comfateZft^ tcfeVi 30 

[ 0 0 6 8 ] m 1 0 tt. TSBSffiWteSiKLhtc? 

iotMShs. T§B«e©«§s&&rao. mm 

0. 3ymf*5. 

[0 06 9] TSP*ffi±«:eE^©^uy;i/jS«:j: ->X& 
5(2) ©ff^l4 BBiSJl{tlyTI.»iPZTi^*> 

«t©-^-c*4. -en-en©?- *>$:mcuxf&m;0x 40 

1>SSP Z T©tSHtt. Tgpmffi©*4lf 1 4 CTfiSfiff 

jt* ofci, g©jRj*£ffltct£A*' $ h 

-rSfctotc. ffi^ftl 0 0<cftS£J:D&ofc&tftSA 
*5PZT©MJl*(oitCfiES-rS. C©i*PZT©Sfe 
fl©ttSttTH©T»W6©*4S«: «t -»tK»8 hi/c 
#>CC. T3S©tfc&£S3K-r4C iCCj:*). (3) 

rj:5{c. pzT©@«ttt»; (PZT©/i3^ip]^ifi]*> 
©tear* o . *»oisfl*4«# o . i nm 

0. Sym^HiSe*. 

[0 0 7 0] HI ltt. 50 
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om&ZTfkutcmitmx&z. *-*>©j8j?#4 0 7!»m 

G0*lsifXV n- A©«gBriSt>EE«C>-r*Sa^» 
6>tt. *>OC©B$© 1 0 0ffi©ie[fi]g*^(,»£:<i:*sfili2 
3nfc, ##118© 1 1 lffitcWTil 0 0®©1E|S]S« 
2 07!)M3 0"C*0, HSKtt. 2 0WJ:-C*5Ci 

jcto. fm<omx.&ikm&*nz>c.tifix%z > . 
[0 07 1 ] c©f$ >©BU?©ffiart-e. P Z T©te 
At&s t> » aincfiH ec a -5 r t » * c t tmm snt *■ 

* >©■!»»*''*? £^2-5:— fKl/^/<? *NfH* 
ifc0W2#LTRSlyfc. 1 0 0 BEfilflttt. J£ftX«UK 
*t«:*jW6 1 0 omt 1 1 l®©^gib-C. 1 1 IE© 
KgiiooiUIfflbfc. ccr, ^<>jiicj:4 
JgJ?£4 0 7iM6 0 Ha-ACCTSCitCj: 

«c<fcittJ**ic©ffiHK:*.5*B£. KtfgtfeflUtt&r 

X Mlf|sAl&ffl/N>F^'?» JS2 5M7bM2 7MK: 

[0 07 2 ] ?*>©/?**S2 0*>yx Ha-AfclT 
-Ctt. Tm@©*SHS©e^€r«i LtPZ T©|gfl# 
^ILtl^fcWci 1 1 EEfr£**iiK 
8 0 * > yx h a- AfcLtTtt?- * >©RtfjBniR£ at 
•5 #>o£J?as/J\ $ t »fc*(C P Z T rt^HM i^OPZT 

[0 0 7 3 ] H 1 2«T3i©±©9 L £>©J?*<i:Jimo 

18 0t>^ h a-A©if ©BltcffliftEf 
f#SC H^&tt. ?^>©J1**55 0* 

hO-Atti5-C&*ffi£}$--?„ gt^©<fc5 
Kl 0 0®ie(S]e[«5 L ^>©MiS*54 0 71»M6 0*>y 
x ha-A-c*€.CitcJ:Ci. ?$>©MJ1«2 OTbS 
80*>ni-a-At*0, *f*L<«4 07iM6 0 

f-p-A^iSf ©P Z T©^^ 1 0 0M©Kf6]*s® 

[0 07 4] fcfc. EmO-r*-StS!©S'JS«> 2 mn<<)© 
PZT h^-d'->©'f>f-^>^T^-^'(-!f?:ffl 

i»*:»«*a3ei. K-j$^^©a*^(c^ras*^wfcB$ 

^<h©S«:«t»)^«)/c. 

[0 07 5 ] W±(C «fc 1304 ( b ) ©Xfi*$?7 ft 
tcH 4 (OtCin-riatCSBtff-r S„ C©IlT(i@4 

(b)(C^TX^T?#/cPZTMl 5±k:, X/n'^^^K: 
£-5T. SJ1*5. 0. 05-0. 2ymSS©7 , 7ft 
*>6ttS±SB1iffil 6§Mti. 

[0 07 6] c©<t^w:o-c. laitc^-ri^^fffm* 
mmm*zwc {s?.nfcPZT^i 5fc«. ^ 

[ 0 0 7 7 ] BI5tt. ^ISBJltc^BEm&Si&S^F-S:^ 
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SIHfiltdOTUc-fyl'yx v hsSiei^-, K©— -p 
©W > £ SsbSP^^-r #rffi0-C£> -5 . 
[0 07 8] mM(DBi&3t l C&Z>J>i>i;xv hiSsEii 
^ v K « . m 5 KTjrr «fc *> K. . ^ > 9 jg#> 2 7 5 
titcf <) >S®2 li, y n >S«2 1 ±.lcB!&k 
hfc»lb«2 2 4. MS6S2 2±©eT^{4g^fiS3n 
fcT§B^&2 3 4. TSPmS2 3±-C*^>r. 0>i 
«f)2 7tc»l£b/cfl[SK:^(iS$*l/cEmtt^m2 4 4. 

BEmtmrn 2 4 ±<cj&iss *ifc±««« 25t. 

>Ii2 l©TI(Cg^$^ca20ifi2 6i. *{| 10 
xtMStitl,^. TSP^@2 3«. gEi£©H;S£©JI5 

tc. ElftSI2 4(J. SOSOJBJBl-CBiWOfcPZT 

[0 0 7 9) C<D-09i>xv h&8S»~»y Ktt. 0^ 
L & I W > f SSSS«r fl- b r A > * 2 7 (C -T > i> 
teStt*,, CCt, T2Bm@2 3 4±SBm®2 5 4£/i- 
Or. E«tt80t2 4(cSEE^Ed»n-r5<t. Emfei?^ 
2 4 a^Jfc o r -Y > f ?g«> 2 7 ftMBE L X ■<> 9 icE2> 
5r»nx-5 0 t©E#K:J:-?T. ^>^7!)S07SL.Jtct,^X 20 

[0080] CCT, CO^-ilsZl?*. v FSiEtS'^s' ¥ 
tt. gE&©Em^K&n7 v cE«{*®JSfRT£Jiiai^4 

iyrfflt>ri>sfc«>. ^fcE^-c^i'Srttfcbs-y-* 

[0 08 1 ] Srfc. *SS?®4 0-C^$>tcot,>r|»BJL 
tf. <£ffl-C#S„ TWWBfcfi&i 1510 

Fcc*a*»-3-f y^A-cfc, \simt£$)immt>ti 30 

64>©T-£>-5„ 

[0 08 2] vOuy^tcftpt-c, Morc/a-te* 
; &*iJffl-T'5)C4 4>pItB-C$>-5)„ C©7"B-bX«. vOU© 

V ;u y;u£ 4 Aft S /c w-e . ili^- ©:&# 

*fi*§^£ Ctc®*** y ¥ V - ZZBtfL? £JW±© V 
JU-y^J5lS£Sttft<,>C4£Slft > #®4-T-5„ 
[0 08 3] UttlflKlB. */^iR©a«H»©— 3«CT 
Jl/*y-;b7;>© — 3. *yx£ v— ;l/T 5 40 
T n * ~> F ^£JIit®iS©fl!]*#8?ffll±8iJ 4 L/ T jgU? 
•fcyx*y-;UT5>©fii£K:J:-oT. 417^ 

&Z,c±we$z>. vOu©&*frifia»e>ijg#i*»*;te«> 

m&<D*:SX-2 S-frT 5 >©ffe(C, i?xary — JUTS 

>. h';x$/-;i,7s>. r-fe^Ji-r-fe h>. ems 
* vou©jjn7K#B?«!±8'J 4 u r *j«-c t s . so 
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[0084] 

fcSJSSR^H:. ^a^f**^^^BEm{*»)R4. i£EE«| 

x.. Ta5mS®fcEm©ifSB^©1S4^stS B ^S*sa« 
fCjT5fi£$nr^cS©'C. Em{fc©tSll£ 1 0 0®«ci5iS] 

[0 0 8 5 ] 5 e>(C. ##fe9IK:flifo.5ESf*»&gi^- 

r*±r»*bt»«ta«:iB:SL. miZE.^#oy&ik<D%L 
mimi&n,w.&& 4 Lr fiScg-r scitcio. r^m 

mommic J: 0 BEmf*^©SiSA^8!j-r £ 4 ^ C 4 

[0 08 6 ] mBt6JUR«9rKMUD^j> >^6«fi£-r 
SCiKi?. lim<*^=&J;0»®)fcfii«:rsc4*5 

[00873 ms.s£mimm^m^^aM^mc urfs 
st/fc«sa*>6tt») . c©*sa tiffin ( i o o ) ©*s 

Sierfi]^}^^. tit^©SS0. lwmTbSO. 5wm© 

6 tcjaawt etc r s c 4 *s pj^ t % s . 

[0 08 8 ] $^07«faX-i!. ^FtC-f >^S?x 

ttmJE^A * < r * C 4 #i!JfS& 4 ft S . 
[0 08 9]? 6CC*ffiS®Ett(MHR?<DWfc&& 
E«!|#14Ccft*iy!iEmfl«M*»igrsc4 

[ 0 0 9 0 ] Sfc. «A9ilcftt>«EESfHnWR7(cj: 

«»*«rttc*9»*©i6^3&ja<. m»E*o 

4«cS. 

[0 0 9 1 ] $6Cc$fc. E^ifS©^*!. TSPm 
«©ISiittlffl©tSa««r«il/-CfiSfir4fc«>«:. E^ 

■5J#64^c-5„ 

[HI] *»W©St«l©»»l «c«SE«(*WBBR^-© 
[02 ] H)5fc©ff?fi§ l «:«*E«»aWUR-?-*«fiSr* 

p z Tm<omm*TjkTi&£§m*mLm < s em> 
[a 3 ] 0 2 k^-t p z TjBto^fflfcwTjfcafcffifltT-a! 

[H4] Ca}«cl»LCOtt. B>F^L//<:Em{*ji®IS^©i!{ 

[05] 4:9HI(cffiSESt»MHS'?-«iafrT-& Urfi! 
mUtc-Ofis*. v ¥j£MZm^y K©— o©-f >^ffiat> 
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[ffiitiBj ¥fi£l 0¥6^8B 
[^JSIEl ] 



CW*B1] £tt«fl*6fc*I£*f8W«4. SS9EJE 
S**BI*©^t?iga3nS±g|JSSBiT8P«ffi<i:. * 

wee c <os.m»<oma<m <t ««aaw 2 

[ n&B 2 ] Btriaff«itt»^*^*5 1 o o omik&fa 
*Wr>tcPZi:frhtii*)[ S5IBTSPSffi*i 1 1 1 
<MSM3|fiJ*»ofca#36>6a*»*3H 1 IBi£©EEHtt 

(*wwoisa©tta3&Jittiaifi»iH*«i u-rsss-r z c 

itCfcO. SiriBT«*S©ffiI<t«ia^U<,»^ftfcU: 
©ttifcSHWa* 1 iB«S©EE*{*SIB3fry-. 

?BiiSstirt»*i»3»i i SB*g©ES#iS«5B^. 
[ 5 3 i^sbis A««iiireTSssoig Attott 

WcJB«B13ftT»,»*itJ#B 1 iB»©EESf*eBS3frf. 
[ Iff#g 6 ] i5iBlia«:?iJSOfeillft^l5i2TSIl«e 
©«&©igJlia«cg? o r pi&s tiro shmos 4 Xli 5 

CW3JOB7] 0Teiira»fiE*ti*ll0M£^'Cft 
SiftftB 1 IBS£©E1§i*S^^. 

m*m. 9 ] ffriBtS AjBb»<mETSSS±(c 4 0 TbS 



4 Xtt 5 f BtSOBEttfttVlt*?-. 

t»*s i o ] miBEs«raEflt}»ime«ia«««K: l 
rjttfiLfe«AtU>&<cO. cotiM&ttlttftk ( l o 
0) ©ISJlIElfi] t±tK©&S0. 1 (im7b£0. 

fBiS©ES<*iSK3g^-. 

[is^Jij i ] mrtBW*g 1 7bMj_ooDc>r*ia>— j® 

[IMSM 1 2 3 6 ft *E*#SJKfcJ^T 

±SUmffi i TSP^ie <i £SBST S III * fcEmtfcS 

1 3 3 WiBBE«a*»ttvOuy;Utt(cJ:-»T 
SSB» 2 n £ ft#^2 IBtS©Em#?S^^-©§!iji:£ 

& 

CHMd 1 4 3 fitriBE^ttfiMte. MOD^n-fexte' 

i 5 3 ffiizEEnimmm+tmikoimfrtiB 
& z, 1 2 iBt£©stis^ra, 

[ItsWIl 7 3 B>ifB*£eljS^E^)S©«fiSOT^r* 
5 BW011 2E»D«gEfrau 
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